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Background: 
Establishing breathing and oxygenation after birth is vital for survival and long-term health of premature infants. 10% of all preterm infants fail to breathe after birth and require respiratory support[2]. An international consensus statement recommends that infants with inadequate breathing or bradycardia after birth be given positive pressure ventilation (PPV) via a facemask with a self-inflating bag, flow-inflating bag or T-piece device [1].
The purpose of PPV is to establish functional residual capacity, deliver adequate tidal volume (VT) to facilitate gas exchange, and stimulate breathing while minimizing lung injury[3]. Adequacy of mask PPV is then judged by assessing heart rate and chest wall movements [1]. However, these parameters provide little information on ventilation efficacy and are unreliable regardless of experience in neonatal resuscitation.
The delivery of adequate PPV in the delivery room (DR) is dependent on adequate face mask technique. Correct positioning of the infant’s head and neck with airway manoeuvres (e.g. jaw thrust or chin lift) are crucial steps during mask ventilation[4]. Mannequin and DR studies have shown that PPV is difficult and mask leak and airway obstruction are common problems during PPV. Several factors such as poor facemask application resulting in leak or airway obstruction, spontaneous movements of the baby, movements by or distraction of the resuscitator, changing the wet towels or putting a hat can reduce the effectiveness of PPV. 
Mask leak
We recently reported both that significant airway obstruction and mask leaks occurs in about half of the very preterm infants who received PPV in the DR[5]. In particular, large mask leak was observed in twice as many recordings as airway obstruction[5] and only in about a third of recordings neither obstruction nor face mask leak occurred. In addition, mask leak was more likely to occur at the start of PPV, while airway obstruction more often occurred later on. Assessment of the infant may distract the resuscitators focus from mask position and mask holding techniques during the initial phase of PPV. Factors such as fitting a hat or putting the infant in a plastic bag can contribute to large mask leak. A recent mannequin study by Schilleman et al showed that operators had frequent airway obstruction once they had adjusted mask hold to correct for leak[6]. Once PPV was established, leak was less likely to be observed compared to airway obstruction.

Airway obstruction
In a recent report, Finer et al described airway obstruction in 75% of infants during mask PPV in the DR using a colorimetric CO2 detector [7]. A CO2 detector is a very useful device to assess effective ventilation but it cannot differentiate between an inadequate VT, airway obstruction or circulatory failure [8,9]. In contrast, a Respiratory Function Monitor, displays flow and tidal volume signal allows to distinguish between mask leak and airway obstruction [5]. A recent observational study in the DR of infants receiving mask ventilation showed 25% severe airway obstruction, defined as a reduction in VT of > 75%[5]. Current resuscitation manuals suggest that airway obstruction may be due to manual compression of the soft tissues of the neck, tongue and thus the trachea, or hyperextension or flexion of the head [4]. In addition, obstruction may be due to the facemask being held on the face so tightly that it obstructs the mouth and nose [4]. Maintenance of upper airway patency can be achieved by applying either chin lift or jaw thrust. In contrast, the most effective airway manoeuvre during mask PPV in adults is the combination of maximal backward tilt of the head with chin lift [4]. 
MR SOPA
Neonatal Resuscitation Program (NRP) emphasizes on the ventilation corrective steps to ensure effective mask ventilation before moving to the next steps of resuscitation. Technique for improving PPV by mask is performed by a series of corrective steps, identified by the acronym “MR SOPA”[11], to recall ventilation corrective steps. The steps should be followed with this order: “M Mask adjustment, R Reposition airway, S Suction mouth and nose, O Open mouth, P Pressure increase, A Airway alternative”.
Simulation training
The current AAP/AHA NRP uses simulation, briefing, and debriefing techniques in designing education programs for the acquisition and maintenance of the skills necessary for effective neonatal resuscitation. However, these courses are only offered every two years for each staff member assuming that this one training session will be enough to maintain adequate resuscitation skills. Research suggests that NRP training does not result in proficiency in the DR, as it neglects behavioral skills practice and skills decline shortly after training [10]. To determine if the simulation training improves the DR resuscitation outcome, the most effective training and evaluation methodologies remain to be established. [12]. 
The current proposal aims to examine if daily simulation drills using MR SOPA can improve mask PPV skills in neonatal health care providers.
Hypotheses to be tested
We hypothesize that improved mask ventilation techniques using daily MRSOPA-Drills (MR SOPA group) compared to standard NRP teaching (control group) will reduce mask leak in preterm infants <33 weeks gestation who requiring breathing support at birth. We aim to determine if daily MR SOPA Drills compared to standard NRP teaching improves mask ventilation.
Experimental design and methods
Study population: Infants <33 weeks gestation requiring respiratory support at birth will be included if member of the Resuscitation-Stabilization-Triage team enrolled in study attend deliveries. Infants with congenital anomalies will be excluded. We anticipate no gender or minority issues to arise from this study.
Study design: Randomized controlled trial.
Study centre: The Royal Alexandra Hospital, Edmonton, Canada a tertiary perinatal centre admitting more than 350 infants with a birth weight of <1500g to the neonatal nursery annually. 
Participants: Members of the Resuscitation-Stabilization-Triage team (RST-team), which usually consists of a neonatal nurse (n=50), neonatal respiratory therapist (n=30), neonatal nurse practitioner (n=16) or neonatal fellow (n=6), and a neonatal consultant (n=15). Deliveries are usually attended by a minimum of three RST-Team members: a neonatal nurse, neonatal respiratory therapist and neonatal nurse practitioner or neonatal fellow. Participants of each professional group will be randomized after informed consent and members of each professional group will be stratified to both groups. 
Description of interventions and timeline
Interventions for both groups (“MR SOPA group” and “control group”)
Baseline (2 months)
Over a period of two months all participants will be recorded during several real-life resuscitations using our unique recording system (including respiratory function monitoring and video recordings). These recordings will be used to establish a baseline of mask PPV performance. These recordings will allow us to establish: i) percentage of mask leak, ii) percentage of airway obstruction, iii) number of mask adjustments, iv) airway repositions, v) and suctioning procedures per infant. This will be our baseline measure, which will be compared to an after trial period of mask PPV performance.
Intervention period
“MR SOPA group”
Health care provider randomized to the “MR SOPA” group will receive MR SOPA training provided by a qualified educator on every shift. This training will be five minutes long and will consist of each MR SOPA step. These corrective steps will be demonstrated and practiced on a low-fidelity neonatal mannequin (Laerdal, Stavanger, Norway) in the DR of the Royal Alexandra Hospital. The mannequin will be placed on our DR resuscitation unit (Giraffe Warmer, GE Health Care, Burnaby, Canada) to simulate real-life scenarios. The alternative airway practice will be performed on an intubation mannequin (Laerdal, Stavanger, Norway) in the DR also placed on the DR resuscitation unit. Each participant will receive five minutes of training at the start of each shift.
The educator will teach mask adjustment, and airway reposition. If either of these first steps is unsuccessful the participant will learn about mouth and nose suction, open mouth and increase of airway pressure. All participants will also learn and practice alternative airways placement including intubation and laryngeal mask airway placement. 
“Control group” 
Health care provider randomized to the control group will receive a copy of the NRP text pages discussing MR SOPA at every shift for self-study. They will be encouraged by the educator to study these pages for five minutes at every shift. The educator will be there to answer questions if they arise.
After trial period (2 months)
After recruiting and training the study participants in the intervention period the real life resuscitations will be recorded similarly as in the pre-trial period over the next two months, using our unique recording system (including respiratory function monitoring and video recordings). Similar parameters such as mask PPV performance, percentage of mask leak, percentage of airway obstruction, and number of mask adjustments, airway repositions and suctioning procedures per infant will be established using the respiratory function monitoring and video recordings.  These parameters will be compared to the baselines measures in the pre-trial period.
Resuscitation
All resuscitative measures (e.g. suction, PPV, chest compressions or drugs) will be decided by the RST-team, in accordance with the 2010 guidelines for neonatal resuscitation [1]. The RST-team is comprised of a Neonatal Nurse, Respiratory Therapist, Pediatric Resident and Neonatal Fellow or Neonatal Nurse Practitioner. Immediately after birth infants are placed in a polyethylene bag under a radiant warmer if < 29+0 weeks gestation and under a radiant warmer if >29+0. A pulse oximeter is used to monitor oxygen saturation immediately after birth and oxygen delivery is guided by published reference ranges for oxygen saturation in preterm infants [13].  The default setting to provide respiratory support are a gas flow of 8 L/min, a peak inflation pressure (PIP) of 24 cmH2O and positive end expiratory pressure (PEEP) of 6 cmH2O. Respiratory support for infants > 28+0 week gestation is air (21% oxygen) and 30% oxygen for infants <27+6 according to our local protocol and the current resuscitation guidelines [1]. Intubation criteria is defined as: i) no increase in heart rate despite adequate mask ventilation for 60 seconds; ii) apnea; or iii) chest compressions.
Equipment for recording resuscitations
In the planned study a user-friendly respiratory function monitor will measure respiratory parameters including tidal volume, airway pressures, gas flow, minute ventilation, and exhaled CO2. Percutaneous oxygen saturation will be assessed using pulse oximetery and systemic and regional hemodynamic function will be assessed using heart rate, and blood pressure.
A NM3 Cardiopulmonary Management System (Philips Respironics, Andover, MA, USA) will be used to measure respiratory parameters. This will be placed between the ventilation device and the facemask to measure VT and ECO2. VT will be calculated by integrating the flow signal. According to the manufacturer the accuracy for the gas flow is ±0.125 L/min and ECO2 ±2 mmHg. The dead space of the CO2/Flow sensor is < 1 mL and unlikely to interfere with breathing. Values of the respiratory function monitor will be recorded at a sample rate of 200 Hz.
Percutaneous oxygen saturation will be measured with the IntelliVue MP30 Monitor (Philips, Eindhoven, Netherlands). The IntelliVue MP30 Monitor uses Masimo technology to measure oxygen saturation with 2-second data averaging and maximum sensitivity with the Low Noise Optical Probe (LNOP) Neo-L adhesive sensor (Masimo Corporation, Irvine, California, USA). The pulse oximetery probe will be placed on the wrist of the right hand to measure pre-ductal oxygen saturation. 
The fraction of inspired oxygen concentration will be measured with an oxygen analyzer; the analyzer will be inserted into the inspiratory limb of the ventilation device.
Heart rate and blood pressure will be measured with the IntelliVue MP30 Monitor (Philips, Eindhoven, The Netherlands). Heart rate will be measured with the IntelliVue MP30 Monitor with three electrocardiograph leads (Puppydog, Kendall, USA). An appropriate size non-invasive blood pressure cuff will be placed around the infants left upper arm to measure the blood pressure every minute.
Oxygenation of the brain will be measured with the Invos™ Cerebral/Somatic Oximeter Monitor, which is placed n the infant’s forehead.

A neurological assessment using Newborn Individualized Developmental Care and Assessment Program (NIDCAP).
A high-definition digital video of these resuscitations will be made using a webcam and the picture recorded, at 24 frames per second, together with the physiological data. The video recording will only show the infant and the hands of staff. It will not show the mother, father, obstetricians, midwives, obstetric procedures or the faces of any staff. The staff involved will be asked if they object to being videoed and their decision will be respected. It is impossible to identify the staff in the videos because they all wear gloves and only the immediate environment of the baby can be seen. The video recording will be used to identify the number of adjustments of mask position, number of adjustments of head position, number of airway pressure adjustments (increases or decreases), and number of suction events during PPV.
Data collection
NIRS data and monitoring data (e.g. SpO2, HR and blood pressure) will be collected in a polygraphic system (alpha-trace digital, B.E.S.T. Medical Systems, Austria). Demographic, medical history, laboratory and sonographic data will be collected with a case report form.
Sample size
Our primary outcome measure is a reduction in mask leak. Analysis of DR recordings (January 2014 to June 2014) shows a mean (SD) mask leak of 37 (16)% during mask PPV. We hypothesize that mask leak will be reduced in the “MR SOPA group”. A sample size of 28 (in each group) would be sufficient to detect a 30% reduction in mask leak, which we consider clinically important i.e. 37% vs. 25%, with 80% power and a 2-tailed alpha error of 0.05. 
Secondary outcomes include percentage of airway obstruction, endotracheal intubation in the DR or the NICU, Days of respiratory support, Neonatal death < 28 days, Death before discharge.
Outcome measures
5.1. Primary
Reduction in mask leak
5.2. Secondary outcomes
* Delivery room outcomes:
* Monitoring parameters during the first 15minutes after birth: 

* Mean (±SD) heart rate 

* Mean (±SD) blood pressure

* Mean (±SD) oxygen saturation
· Number of mask position changes during mask ventilation
· Number of changes in airway pressure during mask ventilation
· Number of suction events in the delivery room
* Neonatal death < 28 days
* Death before discharge
* Duration of mask ventilation
* Rate of Intubation in the delivery room or the neonatal intensive care unit
* Use of Surfactant in the delivery room or the neonatal intensive care unit
* Days on ventilator
* Oxygen dependency at 28 days of life 
* Oxygen dependency at corrected 36 weeks
* Age of discontinuation of respiratory support (oxygen or CPAP/high-flow)
* Days of respiratory support
* Age at discharge home
* Rate of significant intracranial injury (parenchymal lesions or ventriculomegaly) on cerebral ultrasound during hospital stay
* Incidence of Necrotizing Enterocolitis
· Incidence of Patent Ductus Arteriosus
Risks/benefits: We do not anticipate any additional risks for any participant enrolled in this trial or for any infant resuscitated. We anticipate no gender or minority issues to arise from this study.  The trial will be reviewed by the Research Ethics Office and registered with www.Clinicaltrials.gov. 
Consent: 
We plan to take informed consent of the members of the Resuscitation-Stabilization-Triage team prior randomization. As our outcome parameter will assess changes in neonatal outcomes we will ask parents of included infants if the recorded physiological data can be used to assess these outcomes. 
Parental consent
We would like to use a deferred consent as per Tri-Council Policy Statement in Human Research guidelines for research in "Individual Medical Emergencies". For these infants, retrospective consent will be sought from the parents as soon as possible after birth to use data obtained in the delivery room. For this important study to be feasible, and enrol a representative sample, a deferred consent is important, as obtaining consent prior to delivery can be difficult and is not representative of the preterm population. 
This study fulfills criteria for a deferred consent as laid down by Tri-Council Policy Statement Article 3.8, in that:
“(a) A serious threat to the prospective participant requires immediate intervention.”
The babies will all need resuscitation and will be resuscitated with techniques routinely used in The Royal Alexandra Hospital.
“(b) Either no standard efficacious care exists or the research offers a realistic possibility of direct benefit to the participant in comparison with standard care.”
We believe there is considerable equipoise regarding the 2 treatment arms and neither posses a significant risk to the preterm infant.
“(c) Either the risk is not greater than that involved in standard efficacious care, or it is clearly justified by the prospect for direct benefits to the participant.”
We believe that the intervention arm will have lower exposure to injurious oxygen hence lower injury to the brain.
(d) The prospective participant is unconscious or lacks capacity to understand the risks, methods and purposes of the research project;
The parents will be informed as soon as possible after birth about the study and asked to consent to data that have been routinely collected on their child. 
“(e) Third party authorization cannot be secured in sufficient time, despite diligent and documented efforts to do so;”
The parents will be informed as soon as possible after birth about the study and asked to consent to data that have been routinely collected on their child. 
“(f) No relevant prior directive by the participant is known to exist.”
There are many precedents of trials conducted with such a deferred consent in emergency situations in neonatal and adult resuscitation. In addition, this ethic committee has previously granted us deferred consent for similar studies in the delivery room. This study also fulfills the criteria for a deferred consent in Europe, Canada and the United States. It also complies with the ethical requirements laid down by the National Health and Medical Research Council Australia for the ethical conduct of trials in neonatal intensive care research.  
This project does not represent a significant departure from the current practice of neonatal resuscitation at the Royal Alexandra Hospital. While undertaking research studies without prior informed consent needs careful consideration, studies of emergency medical interventions, such as neonatal resuscitation, are exceptionally difficult if prior consent is required. Arguably, it is in the best interests of babies and their families to use and evaluate this treatment in a carefully controlled manner rather than use treatments in uncontrolled clinical situations without adequate study.
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